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FOREVfORD 


The  Banco  de  Fcmento  Agricola  e Industrial  de  Cuba  has  started  a 
semidetailed  soils  map  under  the  direction  of  H.  H.  Bennett.  In  conjunc- 
tion with  this  work  and  because  of  continued  reports  of  salinity  damage 
to  crops ^ it  was  deemed  desirable  to  make  a preliminary  investigation  as 
to  the  actual  occurrence  of  salinity  and  its  possible  extent  and  severity. 

The  Foreign  Operations  Administration  has  a special  contract  with 
the  Agricultural  Research  Service  of  the  -U.  S.  Department  of  Agriculture 
whereby  certain  services  of  the  U.  S.  Salinity  Laboratory Riverside^ 
California^  are  available.  It  was  through  this  contract  that  A.  D.  Ayers_, 
Soil  Scientist  on  the  staff  of  the  Salinity  Laboratory was  assigned  to 
the  U.  S.  Operations  Mission  to  Cuba  for  sixty  days  during  January,  Febru- 
ary, and  March  1955  to  study  the  salinity  problem. 

SUMMARY 


During  the  assignment,  trips  were  made  into  the  provinces  of  Havana 
Pinar  del  Rio  and  Camagiiey.  Serious  salinity  damage  to  cultivated  crops 
was  noted  only  on  rice  and  this  occurred  only  in  a few  areas.  The  salin- 
ity hazard  may  increase  with  the  continued  use  of  large  quantities  of  poor 
quality  (saline)  irrigation  waters  on  lands  with  relatively  impermeable 
subsoils. 

In  certain  areas,  the  salt  content  of  the  irrigation  waters  from 
wells  increased  as  the  distance  to  the  coastal  swanp  decreased.  This  in- 
crea.se  in  salinity  was  caused  primarily  by  an  increase  in  sodium  chloride 
(HaCl). 


It  has  been  reported  by  the  growers  that  some  wells  near  the  sea 
have  become  more  saline  with  time  and  a number  of  wells  have  been  abandon- 
ed because  of  increasing  or  high  salt  concentrations. 

Absence  of  grain  in  the  rice  panicles  resulted  in  low  yields  in 
fields  harvested  in  January,  February,  and  March  1955-  These  low  yields 
could  not  be  correlated  with  any  general  salinity  condition  in  the  soil 
or  irrigation  water.  Minimum  temperatures  were  as  low  as  8°  to  10°  C. 
during  parts  of  December,  January,  and  February  and  may  have  been  the 
major  causative  factor. 

In  the  production  of  irrigated  crops  on  soils  underlain  by  thick, 
slowly  permeable,  plastic,  clay  layers,  management  may  find  that  it  will 
be  necessary  to  adojjt  practices  which  tend  to  nh nimi'zio  pw-josilde  «.sjit 
accumulation . 
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Salinity  determinations  vere  made  on  over  fifty  soil  samples  and 
on  over  one  hundred  water  samples.  The  results  of  these  analyses  are 
attached.  Particular  attention  is  called  to  the  water  samples  on  which 
detailed  analyses  were  made.  There  appear  to  he  no  widespread,  abnormal, 
ionic  relationships  in  the  irrigation  waters. 

Future  studies  should  be  arranged  so  that  the  effect  of  increased 
or  continued  pumping  on  water  quality  and  levels  can  be  determined. 

In  order  to  have  a firmer  basis  for  a stable  industry,  more  inform- 
ation is  needed  on  soil,  water,  climate,  nutrition,  and  management  prac- 
tices as  they  affect  rice  production  under  conditions  in  Cuba. 


INTRODUCTION 


All  plants  require  small  amounts  of  certain  mineral  salts  for  proper 
growth.  If  these  same  essential  salts,  or  any  other  salts,  i/  occur  in 
high  concentrations,  they  will  decrease  or  inhibit  plant  growth.  Soils 
or  waters  are  said  to  be  saline  when  the  salt  concentration  in  a soil  or 
an  irrigation  water  applied  to  it  is  high  enough  to  have  a harmful  effect 
on  crop  production  ( 10 ) . 


During  the  years  195^  and  1955  there  were  a number  of  reports  by 
growers  of  salinity  damage  to  crops.  Saline  soils  and  waters  were  report- 
ed by  Bennett  and  Allison  (l)  in  1928,  and  the  effect  of  salinity  on  rice 
was  the  basis  of  research  by  del  Valle  and  Babe  (ll)  in  19^7-  All  the 
coastal  swamps  are  more  or  less  saline  and  some  wells  drilled  in  the  ad- 
jacent lowlands  have  undesirably  high  salt  contents. 


In  the  last  five  years,  there  has  been  a large  increase  in  the  acre- 
age of  irrigated  crops  and  in  the  number  of  wells  developed  for  irrigation. 
Part  of  this  development,  particularly  for  rice,  has  been  in  the  coastal 
plains  where  subsoil  drainage  is  frequently  poor.  Irrigation  wells  in  the 
lower  part  of  the  coastal  plain,  or  close  to  the  coast,  sometimes  produce 
waters  with  a high  to  very  high  salinity  hazard  rating. 


Farm  operators  had  been  alerted  to  the  possibility  of  salt  accumu- 
lation and  in  several  locations  symptoms  similar  to  those  caused  by  salt 
had  been  observed.  This  led  some  farmers  to  attribute  unexplained  poor 
crop  yields  to  salt  injury. 


The  objective  of  the  present  assignment  was  to  obtain  factual  inform- 
ation on  the  extent  and  seriousness  of  the  salinity  problem. 


l/  In  this  report,  the  term  salt  refers  to  any  mineral  salt  found  in  the 
soil  or  water  and  is  not  limited  to  sodium  chloride,  the  common  table 
salt. 
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Because  of  the  short  time  available,  investigations  were  limited 
to  the  areas  which  reported  possible  salt  damage.  These  included  the 
southern  parts  of  Havana  and  Pinar  del  Rio  provinces  and  a portion  of 
Camagiiey . 


OCCURRENCE  OF  SALINITY 


The  coastal  swamps  show  the  influence  of  sea  water.  Samples  S-5^ 

-6,  -7,  -8,  “9^  "46,  W-22  and  W"45  were  taJfcen  at  the  border  of  the  swamp 
and  the  cultivated  areas,  and  are  representative  of  the  transition  from 
the  non- saline  agricultural  lands  to  the  more  saline  coastal  sT^araps. 

W-46  was  a sample  of  the  soil  solution  close  to  the  beach  and  is  indic- 
ative of  the  higher  salt  levels  to  be  found  nearer  the  coast.  Salinity 
probably  also  affects  some  of  the  grasslands  adjacent  to  the  swamps. 

S-39  ■^SLS  an  extreme  example  of  such  an  area  and  was  almost  devoid  of 
vegetation  because  of  salt.  The  present  study,  however,  was  devoted  al- 
most completely  to  cultivated  lands.  No  work  was  done  in  areas  of  ser- 
pentine soils,  reported  to  be  high  in  both  soluble  and  exchangeable  magnesium 

No  serious  salt  damage  was  observed  on  any  cultivated  crop  except  rice 
Most  irrigated  crops,  other  than  rice,  are  grown  on  fairly  permeable  soils, 
and  salinity  does  not  appear  to  be  a serious  factor  because  of  good  drain- 
age, high  annual  rainfall,  and  the  use  of  a relatively  good  quality  of 
irrigation  waters. 

For  example,  fair  banana  plants  were  being  grown  under  irrigation 
on  Matanzas  clay  using  a relativelj^  saline  water.  This  irrigation  water 
(W-23)  had  a conductivity  of  4.4  millimhos  (2600  parts  per  million  of 
total  salts),  yet  there  was  only  0.1  percent  salt  in  the  0-6  inch  layer 
of  soil  and  the  saturated  soil  extract  had  a conductivity  of  only  2 millim- 
hos indicating  a non-saline  soil  (lO).  Because  of  satisfactory  permeability, 
the  use  of  adequate  amounts  of  irrigation  water,  and  an  annual  rainfall  of 
4o  to  50  inches,  excessive  amounts  of  salt  were  not  present  when  sairp)led 
in  the  dry  winter  season. 

A later  section  is  devoted  to  the  occurrence  of  salinity  and  the 
salinity  hazard  in  the  production  of  rice. 

The  U.  S.  Salinity  Laboratory  uses  the  conductivity  of  an  extract 
from  a saturated  soil  paste  as  a measure  of  soil  salinity  (lO).  The 
relative  salinity  scale  and  the  relationship  between  conductivity  and 
percent  salt  for  soils  of  different  textures  are  shown  in  figure  1. 
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PSHCIilNT  SALT  IN  SOIL 


OSMOTIC  PRESSURE  OF  SATURATION  EXTRACT  --  ATIOSPHERES 
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Salinity  effects 
mostly  negligible 

Yields  of  very  sensi- 
tive crops  may  be 
restricted 

Yields  of  many 
crops  restricted 

Only  tolerant 
crops  yield 
satisfactorily 

Only  a few  j 
very  tolerant  i 
crops  yield  | 
satisfactorily! 

0 2 4 8; 

Scale  of  conductivity  (millimhos  per  centimeter  at  25°C. ) 

L6 

Figure  1.  Relation  of  the  percent  salt  in  the  soil  to  the  osmotic  pressure 
and  electrical  conductivity  of  the  saturation  extract  and  to 
crop  response  in  the  conductivity  rangee  deoignated  "by  lettevo. 
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QUALITY  OF  lERIGATION  WATERS 


The  expansion  of  irrigation  for  all  crops  is  continuing  at  a rapid 
rate.  This  expansion  has  utilized  vater  pujnped  mostly  from  the  undergroujid 
but  there  is  also  an  increase  in  the  amount  of  vater  pumped  and  diverted 
from  streams. 

At  least  three  reports  were  obtained  which  stated  that  wells  had 
been  abandoned  because  of  an  increase  in  the  salt  content  of  the  irrigation 
water.  In  one  area^  about  20  wells  had  been  abandoned.  Other  wells  in 
this  area  sometimes  were  pumped  only  until  the  salt  content  increased  to 
a predetermined  level  and  then  were  "rested"  for  several  days.  One  man 
stated  that  in  order  to  keep  the  salinity  level  low,  he  could  pump  certain 
wells  only  at  reduced  capacity. 

Water  quality  sometimes  changes  with  distance  of  the  well  from  the 
sea.  Near  Giiira,  samples  were  taken  from  a series  of  wells  located  in  a 
north- south  direction  inland  from  the  edge  of  the  coastal  swamp.  Con- 
ductances, or  total  salt  content,  showed  a definite  decrease  in  salinity 
with  distance  of  the  well  from  the  coast.  The  data  are  shown  in  figure 
2 and  table  I. 


TABT^  I 


Salinity  in  parts  per  million  of  total  salts  and  depth  as  well  loc 
ation  approaches  the  coast,  Gilira  Municipio. 


Well 

No. 

Depth  1/ 
Ft. 

Total  Salts  I 

p.p.m. 

1 Well 
No. 

! Depth  1/ 
1 Ft. 

Total  Salts 

p.p.m. 

35 

110/250 

269 

28 

2V7O 

396 

34 

82/40 

228 

27 

13/40 

832 

32 

81/87 

290 

26 

20/-- 

630 

31 

60/90 

312 

25 

6/24 

1088 

30 

36/1v2 

352 

24 

6/12 

1792 

29 

26/l^2 

4l6 

23 

6/12 

26o4 

22 

Boat  channel 

2042 

Depth  to  water  table /total  depth  of  well. 
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Figure  2.  Salinity  of  wells  in  parts  per  million  with  distance  from 
coast,  G^dira  Munlcipio,  Hobana  Pi'ovlnce,  Cuba. 
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Similar,  but  less  extensive,  data  given  in  tables  II  and  III  show 
this  same  relationship  in  San  Cristobal  and  Candelaria  Municipios  as  wells 
are  located  closer  to  the  coast. 

TABLE  II 


Salinity  of  a group  of  irrigation  wells  approaching  the  coast  in  a 
north-south  direction  in  San  Cristobal  Municipio. 


Well 

No. 

Miles  south  of 
San  Cristobal 

Pepth  1/ 
Ft. 

Total  Salts 

p.p.m. 

1 

1 

12/21 

576 

3 

7 

20/42 

64o 

4 

10 

40/150 

928 

5 

10 

- 

1114 

6 

15 

- 

2048 

TABLE  III 

Salinity  of  several  wells  approaching  the  coast  in  a north-south 
direction  in  Candelaria  Municipio. 


Well 

No. 

Distance  south  of 
highway  in  miles 

Depth  1/ 
Ft, 

Total  Salts 
p.p.m.  _ 

91 

1/16 

110/150 

371 

90 

1 

72/110 

390 

42 

6 (s&w) 

38/110 

64o 

88 

7 (S&E) 

3/145 

704 

43 

10 

- 

800 

Bata  on  topography  and  ground-water  levels  is  scanty  but  there  are 
isolated  measurements  which  indicate  that  water  levels  in  many  of  the  wells 
near  the  coast  are  at*  about  sea  level  and  that  water  is  being  pumped  from 
aquifers  below  sea  level. 

There  seems  to  be  little  available  information  in  Cuba  on  water  qual- 
ity and  water-table  levels.  These  are  subjects  in  which  the  Cuban  govern- 
ment should  take  more  interest  because  the  foregoing  data  indicate  the 
possibility  of  salt  water  intrusion  if  there  is  a continued  overdraft  on 
the  underground  water. 


1/  Depth  to  water  table /total  depth  of  well. 
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The  U.  S.  Salinity  Laboratory  (lO)  has  proposed  a general  class- 
ification of  waters  for  irrigation  use.  This  scheme  is  sho'vm  in  figure  3 
and  is  very  useful  for  the  relative  evaluation  of  water  quality  from  both 
the  salinity  and  the  sodium  hazard.  The  salinity  of  the  waters  tested 
ranged  from  low  to  very  high,  but  the  majority  had  a medium  to  high  sal- 
inity hazard.  More  complete  analyses  of  selected  samples  showed  low  to 
medium  sodium  (alkali)  hazard  ratings.  The  classification  of  these  waters 
is  also  shown  in  figure.  3* 

Detailed  analyses  were  made  of  37  water  samples  collected  from 
wells  and  streams  in  the  areas  visited  and  are  given  in  Rubidoux  Unit 
Table  8/55  and  24/55  which  are  attached  as  a part  of  this  report.  No 
abnormal  ionic  relationships  were  found.  The  less  saline  samples  are 
characteristic  of  the  type  of  waters  which  one  would  expect  to  find  where 
limestones  are  present.  Tliose  samples  with  higher  total  salt  contents 
had  higher  concentrations  of  sodium  and  chloride.  No  excessive  amounts 
of  boron  were  found.  The  detailed  analyses  of  these  37  waters  were  made 
on  samples  shipped  to  the  Rubidoux  Unit  of  the  U.  S.  Salinity  Laboratory 
at  Riverside,  California.  Alkalinity  (pH)  of  these  samples  were  higher 
at  the  time  of  the  analyses  than  at  the  time  of  sampling  and  the  pH 
values  given  in  the  table  on  Water  Data  should  be  used  to  characterize 
the  water  supply. 

Salinity  and  sodium,  are  more  likely  to  be  a problem  when  irriga- 
tion waters  of  questionable  quality  are  used  on  poorly  drained,  fine- 
textured  soils  than  when  used  on  medium  to  coarse-textured  soils  with 
good  surface  and  subsoil  drainage.  High  rainfall,  such  as  the  40  to  50 
inches  occurring  in  Cuba,  is  favorable  for  reducing  both  the  salinity 
and  sodium  hazard. 

It  is  difficult  to  set  a definite  salinity  limit  above  which  water 
is  not  safe  for  use.  The  aforementioned  factors  of  soil,  rainfall,  crop, 
drainage,  and  management  are  modifying  factors  which  must  be  taken  into 
account.  The  U.  S.  Salinity  Laboratory  method,  however,  does  provide  a 
means  of  rating  the  waters  on  a relative  probability  basis.  Such  ratings 
become  even  more  useful  when  correlated  with  field  experience  and  observ- 
ations for  the  crop  and  area  concerned. 
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Figure  3*  Diagram  for  classification  of  irrigation  waters. 
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RICE 


Rice  will  be  discussed  in  more  detail  because  (a)  severe  salinity 
dairaage  was  observed  in  several  fields,  (b)  some  irrigation  waters  of  ques- 
tionable quality  are  being  used,  (c)  the  assun5)tion  that  salinity  was  caus- 
ing widespread  damage  to  this  crop,  and  (d)  the  special  soil  conditions 
under  which  rice  is  grown.  Points  made  concerning  rice,  however,  are 
applicable  to  any  other  crop  grown  under  similar  conditions. 

Rice  is  a staple  in  the  Cuban  diet  and  up  to  a few  years  ago,  most 
of  it  was  inported.  With  the  high  price  of  rice  on  the  world  market,  the 
desire  to  conserve  on  iri5)orts,  and  the  need  to  diversify  the  agricultural 
program  to  replace  cuts  in  sugar  acreage,  it  was  logical  that  rice  should 
receive  particular  attention.  \Tt\en  the  first  expansion  onto  cheap  land 
appeared  to  be  highly  profitable,  further  expansion  was  stimulated. 

This  large  expansion  in  rice  acreage  took  place  after  a very  short 
experience  period  and  without  any  appreciable  previous  or  accoir^anying 
research.  In  December  195^^  it  was  observed  that  rice  being  harvested  was 
giving  low  yields.  Later,  investigations  showed  that  the  heads  or  panicles 
approaching  maturity  were  frequently  almost  devoid  of  grain.  Figure  k shows 
the  t3q)e  head  encountered.  This  loss  of  a portion  of  the  winter  crop  immed- 
iately raised  questions  regarding  the  production  of  rice  in  the  winter  sea- 
son, growing  more  than  one  crop  per  year,  a possible  need  for  fallow  and/or 
rotations,  and  the  salinity  hazards  which  may  be  encoimtered.  These  and 
other  factors  should  be  given  serious  consideration  by  the  rice  industry 
and  governmental  agencies  interested  in  making  rice  a stable  crop  in  the 
agricultural  program  of  Cuba.  This  discussion  is  concerned  only  with  the 
salinity  hazard  in  rice  culture. 

Rice  is  flooded  for  the  major  part  of  the  growing  period  and  so 
requires  large  amounts  of  water.  In  order  to  assure  the  economic  use  of 
water,  lands  are  selected  which  allow  little  loss  of  water  ~by  deep  percol- 
ation. The  sandy  Savannah  and  clay  soils  of  the  coastal  plain  which  are 
underlain  by  thick  beds  of  dense,  plastic,  almost  impermeable  clay  meet 
this  requirement. 

Salt,  which  is  present  in  various  amounts  in  all  irrigation  waters, 
may  be  concentrated  in  the  root  zone  by  transpiration  and  evaporation. 

Such  a concentration  cannot  be  readily  washed  out  of  the  root  zone  of  these 
soils  because  their  inpermeable,  dense,  thick,  clay  subsoils  limit  the  down- 
ward water  movement.  If  this  salt  is  not  carried  away  by  subsoil  drainage 
or  surface  flooding  faster  than  it  is  concentrated,  it  will  continue  to 
accumulate  until  it  will  have  a harmful  effect  on  crop  production.  Apparent- 
ly, this  has  happened  in  several  instances.  Flgi.iro  S shows  salinity  dama.ge 
in  a field  near  Batabano''. 


Figure  4.  Upright  hea^s  of  rice  almost  devoid  of  grain. 

Normally  filled  heads  are  bent  over  in  an  arch 
by  the  weight  of  the  grain  and  none  are  visible 
in  the  figure. 


. Salt  damage  to  rice  near  Batabano  in 
Havana  Province. 


Figure  5 
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Besides  the  effects  of  subsoil  permeability  or  drainage,  rate  of 
salt  accumulation  may  also  be  dependent  upon  the  total  amount  of  salt  ap- 
plied per  year.  That  is,  it  is  dependent  upon  the  amount  of  irrigation 
water  applied  and  upon  the  concentration  of  salt  in  that  "VTater.  Growing 
rice  under  present  conditions  and  present  management  practices  favors  the 
possibility  of  salt  accumulation.  Rice  has  frequently  been  grown  continu- 
ously; and  this  has  often  been  not  just  one  crop  a year  without  a rotation, 
but  as  many  crops  per  year  as  can  be  planted  and  harvested  and  for  as  many 
years  as  production  will  be  profitable.  This  practice  requires  a maximum 
application  of  irrigation  water  and  accompanying  salt  per  year,  a minimum 
percentage  use  of  salt-free  rain  water,  and  the  practical  elimination  of  any 
normal  leaching  period. 

This  possibility  of  salt  accumulation  is  further  intensified  in  some 
cases  by  the  use  of  poor  quality  irrigation  waters.  In  several  areas,  wells 
located  near  the  sea  or  near  the  coastal  s’l^araps  have  a considerable  salt 
content.  Conductivities  of  waters  tested  ranged  up  to  two  or  two  and  a half 
millimhos.  This  is  equivalent  to  about  1200  to  1500  parts  per  million  of 
total  salts,  or  up  to  two  tons  of  salt  per  acre  for  each  foot  of  irrigation 
water  applied. 

One  rice  grower  in  Havana  Province  and  one  in  the  Province  of  Pinar 
del  Rio  reported  severe  salt  damage.  Several  of  their  fields  had  spots  which 
were  completely  devoid  of  rice  and  on  which  salinity  was  visible  on  the  soil 
surface.  In  parts  of  the  fields,  the  rice  plants  varied  in  size  from  none 
to  poor  to  good.  This  spotty  distribution,  with  barren  spots  only  a few 
feet  from  good  plants,  is  characteristic  of  saline  conditions  and  salt  in- 
jury. An  example  of  this  salt  damage  is  shown  in  figure  5* 

Actual  salt  levels  in  soils  from  the  affected  areas  described  ranged 
from  0.06  to  over  0.4  percent  salt  in  the  surface  eight  inches,  EC^  of  3 
to  8 millimhos,  (S-27,  -30,  -49).  In  one  instance^  the  surface  half-inch  of 
soil  contained  1.7  percent  salt  (S-48).  Appreciable  amounts  of  salt  were 
also  found  in  most  of  the  subsoil  sanpjles  (S-28,  -29,  -50,  -51)- 

Salt  damage  was  not  reported  to  have  been  present  in  the  above  fields 
the  first  year  but  was  clearly  evident  the  second  year.  The  well  (W-52)  in 
Havana  Province,  supplying  water  for  one  of  the  fields,  had  a conductivity", 
at  time  of  sampling,  of  1.7  millimhos,  or  about  1000  parts  per  million  of 
total  salts.  At  the  other  locations,  the  conductivity  of  wells  used  ranged 
from  1.8  to  2.6  millimhos,  or  total  salts  of  about  1100  to  l600  parts  per 
million  (W-58,  -60,  -6l). 

Not  all  growers  using  waters  of  the  above  concentrations  have  report- 
ed salt  injury.  Samples  S-35  sind  S-4l  show  some  salt  accumulations  from  the 
use  of  irrigation  waters  in  this  questionable  range,  but  no  crop  injury  had 
been  noted..  Future  salt  contents  and  crop  responses  should  be  closely  watch- 
ed wherever  poor  quality  waters  are  being  used.  Gro^^ers  south  of  Herradura 
have  reported  that  rice  land  must  be  fallowed  after  2 or  3 yearn  hecai->r>e  o-f 
reduced  yields  which  they  attributed  to  salt  accumulation. 
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The  accumulation  of  salt  in  rice  lands  can  be  minimized  by  following 
certain  management  practices.  For  example: 

1.  Growing  the  crop  only  in  the  rainy  summer  season  and  making 
maximum  use  of  the  non- saline  rain  water. 

2.  Growing  fewer  crops  per  year  and  thus  applying  less  total 
irrigation  water  and  salt.  This  also  allows  some  time  for 
normal  leaching. 

3.  Rotation  with  a non- irrigated  crop  or  inclusion  of  a fallow 
period  to  allow  natural  leaching  of  accumulated  salt. 

h.  Use  of  irrigation  waters  having  low  salinity  levels. 

'’straight  head"  is  a term  used  in  Cuba  to  describe  a lack  of  grain 
in  the  head  so  that  the  head  stands  up  straight  rather  than  bending  over 
from  the  weight  of  the  grain.  See  figure  k.  Fields  in  head  and  ready  for 
harvest  in  January,'  February,  and  March  of  this  year  were  severely  affected. 
It  is  doubtful  if  this  absence  of  grain  in  the  heads  of  rice  in  the  winter 
of  195^-55  could  have  been  caused  by  soil  salinity  because: 

1.  At  the  time  of  this  study,  no  appreciable  salt  concentration 
was  found  in  any  of  the  fields  suffering  from  this  so-called 
"straight  head". 

2.  Not  a single  field  which  was  in  head  in  January  or  February  had 
escaped  serious  crop  reduction.  The  conditions  were  observed  in 
fields  from  Camagtiey  in  the  east- central  to  Guane  in  the  western 
part  of  the  island. 

3-  This  condition  was  observed  on  sandy  Savannah- type  soils,  clay 
soils,  and  in  fields  irrigated  from  wells  and  from  river  waters. 
It  also  occurred  in  first-year  rice  and  in  fields  planted  to 
rice  for  the  second  or  third  year. 

h.  Rice  harvested  in  December  was  more  seriously  affected  than  that 
harvested  in  November.  Yields  for  January  were  reported  to  be 
poorer  than  those  for  December,  and  February  yields  will  be  at 
least  as  low  as  those  for  January.  March  yields  also  are  likely 
to  be  low. 

Rice  plants  approa.ching  maturity,  as  well  as  those  in  head,  had 
many  dead  roots,  and  the  tops  usually  had.  an  unthrifty,  yellow 
appearance.  Even  some  of  the  young  plants  and,  soirte  weeds  had 
dead  roots. 


5. 


1 


SALT  TOLERAIMCE  OF  RICE 


Rice  has  been  classed  as  having  a moderate  tolerance  for  salinity  (lO). 
This  has  been  based  on  observations  that  rice  is  often  grown  on  saline  lands 
which  are  being  leached.  This  use  of  rice  as  a leach  crop  is  quite  common 
in  India,,  Pakistan^  and  several  other  countries  (4).  Actual  experimental 
work  on  the  effect  on  rice  of  varying  levels  of  salinity  in  soils  and  irrig- 
ation waters  is  limited. 

In  an  early  paper,,  Fraps  (2)  concluded  that  water  containing  0.3^ 
salt  was  dangerous  to  use  on  rice,,  that  water  containing  less  ma3^  be  danger- 
ous^ and  that  water  containing  0.5*^  should  not  be  used  for  irrigation.  From 
additional  work  at  a later  date  (3),,  he  pointed  out  that  water  containing 
smaller  amounts  of  salt  may  be  injujrious  if  used  for  some  time  and  advised 
against  using  water  containing  over  4o  to  50  grains  per  gallon — 684  to  855 
parts  per  million.  These  concentration  figures  were  for  sodium  chloride 
based  on  a chloride  titration  and  total  soluble  salts  would  have  been  some- 
what higher . 


Quereau  (8)^  working  in  Louisiana^  published  a bulletin  in  1920  with 
the  following  conclusions: 

”(l)  Do  not  use  water  containing  more  than  35  grains  per  gallon  of 
salt  l/  (600  p.p.m.  ) in  a flooding  of  from  4 to  8 inches  if 
this  amount  of  salt  water  is  to  remain  on  the  field  until  it 
evaporates  or  is  diluted  with  fresh  water. 

(2)  Do  not  flood  a second  time  with  water  containing  more  than 
15  grains  of  salt  per  gallon  (257  p.p.m.). 

(3)  It  may  or  may  not  be  harmful  to  use  water  containing  50  grains 
(855  p-p  .m. ) of  salt  on  land  which  is  wet  prior  to  the  applic- 
ation of  the  salt  water^  when  it  is  possible  to  remove  all  of 
the  salt  water  and  'replace  with  fresh  water  within  two  weeks 
of  the  time  that  the  salt  is  applied." 

Peev3^  (6)  found  little  difference  between  the  effect  of  NaCl  and  CaClp 
in  waters  and  obtained  some  damage  when  pots  were  ir’cigated  with  water  con- 
taining 37  grains  per  gallon^  633  parts  per  million^  but  damage  depended  upon 
the  stage  of  growth  when  the  salt^'  water  was  applied.  He  included  the  fol- 
lowing table  which  was  used  b^^  the  Canal  Conroanies  and  manj^  growers  in 
Louisiana  as  the  limiting  salt  concentration  allowable  in  canal  waters. 


1/  1 grain  per  gallon  equals  17-1  parts  per  million. 
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Stage 
of  growth 

Days  after 
emergence 

Tolerance  in  grains  per  gallon 

Blue  Rose 

Early  Prolific 

Tillering 

0 

1 

0 

CVI 

75-100 

75-100 

Jointing 

ho-  70 

75-100 

iuo-175 

Booting 

70-  90 

200-250 

175-200 

Heading 

90-100 

250-275 

200-225 

The  Louisiana  work_,  like  that  of  Texas ^ was  based  on  a chloride  tit- 
ration and  calculated  as  sodium  chloride. 

Field  and  greenhouse  experiments  in  Arkansas  (5)  showed  that  NaCl  in 
the  soil  would  delay  and  reduce  germination  of  rice.  As  little  as  825  lbs. 
of  NaCl  applied  to  the  soil  surface  prior  to  irrigation  had  a significant 
harmful  effect. 

Del  Valle  and  Babe  (ll)  grew  rice  in  pots  and  watered  it  with  various 
concentrations  of  sodium  chloride  when  the  rice  was  30^  6o^  and  90  days  old. 
A concentration  of  O.15  percent  (1500  p.p.m.  ) lowered  the  yield  of  rice  when 
the  saline  water  was  applied  to  30  day-old  rice.  Older  rice  was  less  sensi- 
tive. 


Stromberg  and  Yamada  (9)  observed  that  rice  near  the  irrigation  inlet 
was  better  than  that  in  the  rest  of  several  poor  fields  in  California.  As 
water  passed  over  the  soil_,  its  quality  was  altered  b3^  picking  up  salts,  by 
evaporation  and  by  transpiration.  VJhen  the  anal^^ses  of  the  waters  were  plot- 
ted, it  was  found  that  waters  from  the  poor  fields  were  high  in  salts  or  high 
in  percent  of  sodium.  These  data  were  supplemented  by  growing  rice  in  nutri- 
ent solutions  with  varying  salt  concentrations  and  sodium  percentages.  The 
good  plants  were  correlated  with  waters  having  a total  salt  content  of  less 
than  500  to  1500  parts  per  million  of  totad  salts  when  the  sodium  percentage 
ranged  from  90  to  5 percent.  Increasing  total  salt  concenti'ation  or  sodium 
percentage  had  a detrimental  e,ffect. 

Ponnamperuma,  Bradfield,  and  Peech  (7)  reported  a physiological  disease 
attributable  to  iron  toxicity.  The  symptoms  described  did  not  correspond  to 
either  the  "straight  head"  or  salinity  damage  observed  in  the  field.  However, 
the  rice  lands  of  Cuba  often  contain  concretions  high  in  iron  and  the  possib- 
ility of  iron  injury  should  not  be  overlooked. 

One  can  see  that  the  various  investigations  using  several  experimental 
methods,  varieties,  environmental,  and  cultural  conditions  have  all  agreed 
that  salinity  is  haxmful  to  rice  production.  They  have  not,  it  is  true^  come 
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up  with  identical^  safe^  permissible  limits,  as  their  conditions  and  objects 
were  not  always  the  same.  For  example,  when  water  is  used  for  the  entire 
growth  period,  lower  levels  of  salinity  will  be  more  harmful  than  higher 
salinity  waters  used  only  intermittently  or  only  during  the  latter  part  of 
the  growing  season. 

In  reviewing  the  foregoing  experimental  work,  it  appears  that: 

(a)  Irrigation  waters  below  500  parts  per  million  total  salts 
should  be  considered  safe  for  use  and  to  be  of  good  quality; 

(b)  Waters  having  over  about  1500  parts  per  million  total  salts 
should  be  considered  to  be  of  definitely  poor  quality;  and 

(c)  The  hazard  of  using  those  waters  in  the  intermediate  range 
of  500  to  1500  parts  per  million  will  increase  with  concen- 
tration and  increasing  sodium  percentages  and  will  also  de- 
pend upon  soil  conditions  and  management  factors. 

Only  a few  soil  samples  showed  any  appreciable  salinity.  However, 
those  samples  which  contained  more  than  0.1  percent  salt  or  had  conductivi- 
ties of  greater  than  4 millimhos  in  the  saturation  extract  were  from  loca- 
tions where  rice  had  been  damaged.  Much  more  data  are  needed  but  these 
preliminary  studies  indicate  that  rice  may  be  injured  when  the  soil  salinity 
approaches  or  exceeds  these  values. 
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CODTSIDERATIONS  FOR  FUTURE  WORK 

1.  The  need  for  a limited  water-resources  program  should  be  invest- 
igated. In  conjunction  with  this,  or  as  an  immediate  smaller  independent 
study,  periodic  salinity  and  water-level  measurements  should  be  made  on 
selected  wells  to  determine  if  there  is  a significant  change  in  salt  concen- 
tration or  depth  of  water  with  continuous  pumping  and  with  season,  and  if 
there  is  any  trend  over  a period  of  years.  Detailed  water  analyses  would  be 
needed  only  at  the  start  of  such  a program,  and  when  there  is  a marked  change 
in  total  concentration  as  indicated  by  conductivity  measurements. 

2.  There  should  be  a continuing  program  for  observation  and  correla- 
tion of  the  quality  of  irrigation  waters  with  salt  damage,  salt  content  of 
soils,  crops,  and  general  soil  types. 

3‘  Salt- tolerance  studies  on  rice  including  concentrations  and  types 
of  salts  in  the  soil  and/or  irrigation  water  which  cause  reductions  in 
growth  and  yield. 

k.  A study  of  management  factors.  These  should  include  season  of 
planting,  effect  of  climate,  length  of  fallow  or  rotation  period,  alternate 
uses  of  land  during  rotation  or  fallow  period,  fertility,  and  nutritional 
programs . 


Attachments  - U 


-18- 


bibliography 


(1)  Bennett^  Hugh  H.  and  Allison^  Robert  V.  1928.  Soils  of  Cuba. 

Tropical  Plant  Research  Foundation,  Washington,  D.  C. 

(2)  Fraps,  G.  S.  1909-  The  effect  of  salt  water  on  rice. 

Bulletin  No.  122,  Texas  Agricultural  Experiment  Station. 

(3)  Fraps,  G.  S.  192? • The  effect  of  salt  water  on  rice. 

Bulletin  371^  Texas  i^^ricultural  Experiment  Station. 

(k)  Grist,  D.  H.  1953*  Rice.  Longmans  Green  and  Co.,  London. 

(5)  Kapp,  L.  C.  19^7*  The  effect  of  common  salt  on  rice  production. 

Bulletin  465,  Arkansas  Agricultural  Experiment  Station. 

(6)  Peevy,  W.  J.  1943-1944.  Tolerance  of  rice  to  salt  water. 

Annual  Report,  Louisiana  Agricultural  Experiment  Station. 

(7)  Ponnamperuma,  F.  N. , Bradfield,  R.,  and  Peech,  M.  1955- 

Physiological  disease  of  rice  attributable  to  iron  toxicity. 

Nature,  Volume  175^  No.  4449- 

(8)  Ouereau,  Friend  C.  1920.  The  amount  of  salt  in  irrigation  water 

injurious  to  rice.  Bulletin  171^  Louisiana  Agricultural  Experiment 
Station. 

(9)  Stromberg,  L.  K.  and  Yamada,  Hidemi.  1955*  Water  quality  in  rice 

fields.  California  Agriculture,  Volume  9^  No.  3- 

(10)  U.  S.  Salinity  Laboratory  Staff.  1954.  USDA  Handbook  No.  60  entitled 

’’Diagnosis  and  improvement  of  saline  and  adkali  soils”. 

U.  S.  Government  Printing  Office, 

(11)  Valle,  C.  G.  del  and  Babe,  E.  1947.  Tolerancia  del  Arroz  al  Cloruro 

de  Sodio  en  Cultivos  de  Aniego.  Boletin  No.  66,  Estacion  Experimental 
Agronomica,  Santiago  de  Las  Vegas,  Habana,  Cuba, 


None,  slight,  moderate,  serious. 

Saturation  percentage,  USDA  Handbook  No.  60. 

Conductivity  of  satinration  extract,  millimhos  per  cm. 

Calculated  from  ECg  and  SP  assuming  1 millimho  = 64o  p.p.m.  of  total  salts  in  extract. 
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Direct  determination  by  evaporation. 
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